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biotics is the major cause. Among children seeking medical help, acute respiratory tract infec-
tions (ARTIs) are the most common tentative diagnosis made by physicians and the leading
condition for which antibiotics are prescribed. This study aimed to examine the trends of pre-
scribing antibiotics in pediatric ambulatory care in Taiwan over a 10-year period.
Methods: Children younger than 18 years old and being diagnosed as having ARTIs [Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 460,
465, and 466] during ambulatory visits from 2000 to 2009 were retrieved from the systematic
random sampling datasets of the National Health Insurance Research Database (NHIRD) in
Taiwan. The annual and monthly case numbers were recorded and the children’s demographic
characteristics, including sex, age, seasonality, location, level of medical institution,of Pediatrics, Taipei Veterans General Hospital, 201, Section 2, Shih-Pai Road, Taipei 112, Taiwan.
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Pediatric ambulatory care in Taiwan, 2000e2009 555physician specialty, and their ambulatory prescriptions of antibiotics were collected and
analyzed.
Results: Among 565,065 enrolled ambulatory children, 39,324 were prescribed antibiotics. The
average antibiotics prescription rate was 7.0% during the 10-year period. There were marked
descending trends in case numbers and antibiotic dispensing rates from 2000 to 2009. Female
patients, elder ages (6 years old), summer and autumn, middle and southern areas of
Taiwan, medical centers and regional hospitals, and physicians of pediatric specialty were
associated with significantly lower antibiotic dispensing rates than other conditions (p < 0.05).
Conclusion: The 10-year antibiotics prescription rate in ambulatory children with ARTIs was
7.0% and it decreased gradually from 2000 to 2009 in Taiwan. Through understanding the
annual trends in antibiotic prescriptions, it may be possible to design interventions to improve
the judicious use of antibiotics in children.
Copyright ª 2014, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).Introduction
Antibiotic-resistant infections are a worldwide problem,
and incur not only considerable cost on health care sys-
tems, but also increased morbidity and mortality. The
inappropriate use of antibiotics is the most important fac-
tor leading to antibiotic resistance. It is generally recog-
nized that broad-spectrum antibiotics are overprescribed in
clinical practice, including for conditions for which antibi-
otic therapy is not indicated, such as viral respiratory tract
infections (RTIs). Streptococcus pneumoniae remains the
most common bacterial cause of community-acquired RTIs.
In recent years, antimicrobial resistance in S. pneumoniae
has spread globally at an increasing rate.1e3 Antibiotic
nonsusceptibility among those resistant strains is a critical
issue in Taiwan due to the overuse of antibiotics, and pre-
vious exposure to antibiotics has been reported to be the
only risk factor.4
Acute RTIs (ARTIs) are often referred to as the common
cold and related complications including sinusitis and otitis
media. Most of these infections are believed to be viral,
which will resolve without the use of antibiotics. Therefore,
a high proportion of antibiotic prescriptions for patients
with ARTIs are unnecessary or inappropriate. Prudent
antibiotic prescribing practices are essential not only to
save medical costs, but also to reduce the risk of the
development of antibiotic-resistant bacteria in the com-
munity. In this study, we aimed to describe the 10-year
diagnostic patterns of ARTIs and evaluate recent trends in
antibiotic use rates among ambulatory children in Taiwan
from 2000 to 2009.Methods
Data sources
The National Health Insurance of Taiwanwas started in 1995,
and currently provides coverage for > 99% of the people
living in Taiwan. The National Health Insurance Research
Database (NHIRD) of Taiwan provides double encrypted data
to avoid any chance of identifying individual information forresearchers in performing a population-based nationwide
study.5e8
Our study was based on the data subset of systematic
sampling data claims from the NHIRD of Taiwan. The
datasets contain random samples of 0.2% of the ambulatory
care expenditure by visits extracted by a systematic sam-
pling method on a monthly basis.7 This study was approved
by the Institutional Review Board of Taipei Veterans Gen-
eral Hospital (VGHIRB), Taipei, Taiwan (Number 2012-06-
006A).
Study population
The ambulatory claims data of the NHIRD were searched to
identify pediatric patients younger than 18 years of age.
Any children with a primary diagnosis of ARTI from 2000 to
2009 according to the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) code
460 [acute nasopharyngitis (common cold)], code 465
(acute upper respiratory infections of multiple or unspeci-
fied sites), and code 466 (acute bronchitis and bronchiolitis)
were retrieved and evaluated for antibiotic prescriptions.
Patients with concomitant diagnoses for which antibiotic
therapy may have been justified were excluded. The ICD-9-
CM codes of excluded diagnoses are listed in Table 1.9e11
Data analysis
Demographic data including sex, age, seasonality, and
geographical location of the enrolled children were
collected for analysis. We divided the enrolled children into
four age groups: 0e2 years old, 3e5 years old, 6e11 years
old, and 12e17 years old. Seasonality was divided into
spring (March, April, and May), summer (June, July, and
August), autumn (September, October, and November), and
winter (December, January, and February). The geographic
regions of practice were separated into north, central,
south, and east of Taiwan and the certification levels of
medical institutions were divided into two parts: medical
centers and regional hospitals; and district hospitals and
clinics. Physician specialty was also analyzed to clarify the
prescribing behavior between different physicians.
Table 2 Leading diagnoses accounting for antibiotic pre-
scriptions in all ambulatory children, 2000e2009
Diagnosis ICD-9-CM
codes
No. of
Visitsa
No. of antibiotic
prescriptions
(% of visits)
% of total
antibiotic
prescriptionsb
URTI 465.xx 871,829 60,593 (7.0) 17.5
Sinusitis 461.xx 201,268 48,896 (24.3) 14.1
Bronchitis 466.xx 312,154 37,618 (12.1) 10.9
Tonsillitis 463.xx 156,167 34,983 (22.4) 10.1
Laryngitis 464.xx 137,338 17,843 (13.0) 5.2
a Cases numbers of all children with the listed diagnostic
codes, including primary and other diagnostic codes.
b The overall case numbers of ambulatory children being
prescribed with antibiotics was 346,257.
ICD-9-CM Z International Classification of Diseases, Ninth
Revision, Clinical Modification; URTI Z upper respiratory tract
infection.
Table 1 Exclusive diagnoses
Concomitant diagnosis ICD-9-CM codes
Sinusitis 461.xx, 473.xx
Pharyngitis, tonsillitis, laryngitis,
tracheitis, and streptococcal
sore throat
462.xx, 464.xx, 034.0
Otitis media 381.0e381.4, 382.xx
Influenza 487.xx
Pneumonia 481.xxe483.xx,
485.xxe486.xx
Urinary tract infection, cystitis 599.0, 595.0, 595.9
Cellulitis, carbuncle, furuncle 680.xxe682.xx
Prostatitis, pelvic inflammatory
disease
601.xx, 614.xx
Sexual transmitted disease 090.xxe099.xx,
647.0e647.2
Note. From “Antibiotic prescribing for children with nasophar-
yngitis (common colds), upper respiratory infections, and
bronchitis who have health-professional parents” by N. Huang,
L. Morlock, C.H. Lee, L.S. Chen, Y.J. Chou, 2005, Pediatrics,
116, 826e32. Copyright 2005, American Academy of Pediatrics.
Adapted with permission.
ICD-9-CM Z International Classification of Diseases, Ninth
Revision, Clinical Modification.
556 M.-L. Lee et al.Statistical analysis
The dataset was retrieved from the NHIRD using computer
software (Microsoft SQL Server 2008 R2, Redmond, WA,
USA). Differences in the number of cases and antibiotic
prescription rates associated with age group, sex, season-
ality, geographic region, level of medical institution, and
physician specialty were compared by the Chi-square test.
Logistic regression analysis was used to identify associa-
tions between antibiotic prescription rate and ARTIs. The
results are presented as odds ratios (ORs) with 95% confi-
dence intervals (CIs). A multivariate logistic regression
model was further used to analyze adjusted ORs (aORs) by
adjusting other related factors.Results
From 2000 to 2009, there were 1,494,613 ambulatory visits
in children younger than 18 years of age. Of these, there
were 346,257 (23.2%) ambulatory children prescribed with
antibiotics, and the top five diagnoses among them were
upper RTI (URTI; ICD-9-CM 465), sinusitis (ICD-9-CM 461),
bronchitis (ICD-9-CM 466), tonsillitis (ICD-9-CM 463), and
laryngitis ((ICD-9-CM 464). Among 871,829 children diag-
nosed as having URTI, there were 60,593 (7.0%) children
who had ever been prescribed antibiotics; this contributed
to 17.5% of all children who were treated with antibiotics
(Table 2).
After exclusion of children with concomitant bacterial
infection diagnoses (Table 1), a final total of 565,065 chil-
dren with ARTIs were enrolled. Among the enrolled cases,
there 39,324 (7.0%) children had been prescribed antibi-
otics, including 21,286 boys and 18,038 girls (Table 3).The annual and monthly changes in the case numbers
with ARTIs are shown in Fig. 1. A decreasing trend in annual
cases was noted from 2000 to 2009. The case numbers
dropped > 40% in the decade (Fig. 1A). The monthly
changes revealed higher case numbers in cold weather.
However, there were markedly fewer cases in February, not
only because of the winter break, but also because of fewer
days in February (28 days) and the Chinese New Year holi-
day. The same situation was also noted in July and August,
which was most likely due to the summer break in Taiwan
(Fig. 1B).
The yearly and monthly changes in antibiotic dispensing
rates in pediatric ambulatory care are shown in Fig. 2. As
shown, there was a markedly decreasing trend from 2000 to
2009, especially between 2000 and 2001 (Fig. 2A). The
monthly changes were not obviously different among 12
months (Fig. 2B).
The results of comparing the antibiotic prescription
rates in each potential associated factor are shown in Table
3. All of these characteristics, such as sex, age, seasonality,
geographic region, level of medical institution, and physi-
cian specialty, have a strong association with prescribing
(p < 0.01).
Antibiotic prescription rates for children with ARTIs who
received ambulatory care were stratified by patient-specific
factors (sex and age), practice factors (seasonality,
geographic region, and level of medical institution), and
physician specialty (Table 4). Based on the results of
multivariate logistic regression analysis, factors significantly
associated with lower antibiotic prescription rates included
female patients (aORZ 0.974, 95% CIZ 0.954e0.994, and
pZ 0.011), older patients aged 6e11 years and 12e17 years
compared to the patients younger than 3 years old
(aOR Z 0.865, 95% CI Z 0.840e0.890, and p < 0.001; and
aOR Z 0.841, 95% CI Z 0.813e0.871, and p < 0.001,
respectively), summer and autumn (aOR Z 0.967, 95%
CI Z 0.939e0.997, and p Z 0.030; and aOR Z 0.842, 95%
CIZ 0.818e0.867, and p< 0.001, respectively) compared to
winter, and the middle and southern areas of Taiwan
(aOR Z 0.906, 95% CI Z 0.882e0.931, and p < 0.001;
aOR Z 0.970, 95% CI Z 0.947e0.994, and p Z 0.013;
Table 3 Demographic characteristics and comparisons of enrolled ambulatory children with a diagnosis of acute respiratory
tract infection and antibiotic prescriptions, 2000e2009
Variable No. of patients No. of antibiotic
prescriptions
Antibiotic prescribing
rate (%)
pa
Total 565,065 39,324 7.0
Sex 0.007
Male 302,192 21,286 7.0
Female 262,873 18,038 6.9
Age (y) < 0.001
 0 e < 3 128,044 8999 7.0
 3 e < 6 170,322 12,443 7.3
 6 e < 12 179,933 12,006 6.7
 12e < 18 86,766 5876 6.8
Season < 0.001
Spring 152,115 11,236 7.4
Summer 107,280 7539 7.0
Autumn 142,088 8772 6.2
Winter 163,582 11,777 7.2
Area of Taiwan < 0.001
North 245,651 17,647 7.2
Middle 127,402 8144 6.4
South 180,350 12,626 7.0
East 11,662 907 7.8
Medical certification level < 0.001
Medical centers and regional hospitals 29,106 1648 5.7
District hospitals and clinics 535,959 37,676 7.0
Physician specialty < 0.001
Pediatrics 194,636 10,347 5.3
General medicine 37,317 2765 7.4
Family medicine 78,146 5224 6.7
Otolaryngology 105,287 8849 8.4
Others 149,679 12,139 8.1
a Compared by Chi-square test.
Pediatric ambulatory care in Taiwan, 2000e2009 557respectively) compared to northern Taiwan. In comparison
with medical centers and regional hospitals, district hospi-
tals and clinics showed higher antibiotic prescription rates
(aOR Z 1.070, 95% CI Z 1.015e1.127, and p Z 0.011).
Specifically, physicians of pediatricians had significantly
lower antibiotic prescription rates than all other specialties.
Otolaryngologists were the group with the highest aOR in
prescribing antibiotics to children with ARTIs (aORZ 1.653,
95% CIZ 1.603e1.703,and p < 0.001).Discussion
Our study demonstrates that the average antibiotics pre-
scription rate was 7.0% during the 10-year period of study
time. There were marked descending trends in case
numbers and antibiotic dispensing rates from 2000 to 2009.
Female patients, patients  6 years old, summer and
autumn, middle and southern areas of Taiwan, medical
centers and regional hospitals, and physicians of pediatric
specialty were associated with significantly lower antibiotic
dispensing rates than other conditions.
It is generally believed that most ARTIs are self-limited
and caused by viral infections. However, many physicians
prescribe antibiotics in the hope that they will preventsecondary bacterial infections. Making an informed deci-
sion to prescribe antibiotics is always challenging for phy-
sicians, because it is difficult to distinguish between
bacterial and viral ARTIs based on clinical signs and symp-
toms, many of which overlap. There are several well-
established clinical guidelines which provide recommen-
dations for the accurate diagnosis and optimal treatment
for ARTIs in order to reduce inappropriate antibiotic pre-
scriptions.12e14 According to these clinical guidelines, the
appropriate use of antibiotics when diagnosing acute otitis
media, acute bacterial sinusitis, and pharyngitis caused by
group A Streptococcus is necessary and important.
In the current study, we wanted to focus on ARTIs of viral
origin for which antimicrobial therapy was not indicated,
including acute nasopharyngitis (common cold; ICD-9-CM
code 460), acute upper respiratory infections of multiple or
unspecified sites (ICD-9-CM code 465), and acute bronchitis
and bronchiolitis (ICD-9-CM code 466). Patients with other
concomitant diagnoses of possible bacterial infections such
as acute sinusitis, otitis media, and acute pharyngitis were
excluded because the usage of antibiotics was justified.
Several studies have described a globally decreasing
trend in the total number of antibiotics dispensed in the
2000s in adults and children.10,15,16 From 2000 to 2009, we
also found that the rates of antibiotic prescriptions in
Figure 2. Changes in antibiotic prescribing percentages of
children having ambulatory medical care and being diagnosed
as having acute respiratory tract infections, 2000e2009. (A)
Annual changes [mean  standard deviation (SD)]; (B) monthly
changes (mean  SD).
Figure 1. Changing patterns in the case numbers of children
having ambulatory medical care and being diagnosed as having
acute respiratory tract infections, 2000e2009. (A) Annual case
numbers [mean  standard deviation (SD)]; (B) monthly case
numbers (mean  SD).
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reason for the downward trend may be that an additional
restrictive governmental policy was adopted in February
2001 aimed to deny reimbursement through the National
Health Insurance system for use of antibiotics in ARTIs
lacking evidence of bacterial involvement.17 There is also a
descending trend in the annual case numbers of ARTIs.
Theoretically, the regulation does not influence the case
numbers of ARTIs. However, physicians might possibly
adjust their diagnosis according to the medication they
prescribe. If doctors intend to prescribe antibiotics, they
are likely to avoid the ICD-9 codes of ARTIs. Regarding
monthly changes, the case numbers were lowest in the
months of the winter break (February) and the summer
break (July and August). This is reasonable, because school
children had a vacation at home and there would be less
chance of getting an infection through close contact.
In Taiwan, Chang et al18 reported that the common
cold was the most common diagnosis among patients
prescribed antibiotics, and that > 30% of patients diag-
nosed with a common cold received antibiotic treatment
in the 1990s. In addition, it has been reported that pedi-
atric patients have the highest proportion of antibiotic
prescription.19 In this study, the average antibiotic pre-
scription rate for cases with ARTIs was 7%. Successful
public health campaigns and clinician awareness of anti-
biotic overuse and resistance may help to decrease the
number of antibiotic prescriptions.20
It has been reported that several factors contribute to the
prescription of antibiotics, such as geographic region.9 Simi-
larly, variations in prescribing behavior between different
geographic regions and medical certification levels were
observed in the current study. Further investigations are
needed to elucidate the factors that contribute to these
variations.
Four possible factors have been reported to lead to the
misuse of antibiotics; physician characteristics, diagnostic
uncertainty, physician time constraints, and phys-
icianepatient interaction.21e24 We found that pediatricians
prescribed fewer antibiotics than non-pediatricians. The
reason for this may be that pediatricians are fully devoted to
their discipline andmakeevery effort tomanage the children
for whom they care. In addition, they have more confidence
and experiences in treating children with ARTIs, whereas
non-pediatricians have varied experience in the clinical
diagnosis and management of children with acute febrile
illness and may therefore dispense antibiotics in the hope
of preventing superimposed bacterial infections in ARTIs.
In this study, preschoolers (3e5 years old)with ARTIswere
more likely to receive antibiotic treatment. Some studies
have reported that this is due to parental pressure.25 Pre-
schoolers certainly have many risk factors of acquiring in-
fectious disease and the parents of this age group often do
not have time to take careof their childrenat home.Thismay
enhance the bias towards prescribing antibiotics to ensure
that “everything possible is being done”.26 Doctors may also
be more likely to prescribe antibiotics under pressure from
the parents when they are uncertain of the diagnosis or when
they perceive parental expectation of an antibiotic pre-
scription. Due to these factors, physicians may prescribe
inappropriate and unnecessary antibiotics for children with
viral illnesses. In addition, the above-mentioned factorsmay
Table 4 Odds ratios (ORs) by logistic regressions with factors associated with antibiotic prescriptions for acute respiratory
tract infections in children, 2000e2009
Variable OR 95% CI p aORa 95% CI p
Sex
Male 1 e e 1 e e
Female 0.972 0.952e0.992 0.007 0.974 0.954e0.994 0.011
Age (y)
 0 e < 3 1 e e 1 e e
 3 e < 6 1.043 1.014e1.072 0.004 0.996 0.969e1.025 0.806
 6 e < 12 0.946 0.919e0.973 < 0.001 0.865 0.840e0.890 < 0.001
 12 e < 18 0.961 0.929e0.994 0.022 0.841 0.813e0.871 < 0.001
Season
Spring 1.028 1.001e1.056 0.043 1.027 1.00e1.055 0.051
Summer 0.974 0.946e1.004 0.043 0.967 0.939e0.997 0.030
Autumn 0.848 0.824e0.873 < 0.001 0.842 0.818e0.867 < 0.001
Winter 1 e e 1 e e
Area of Taiwan
North 1 e e 1 e e
Middle 0.882 0.859e0.907 < 0.001 0.906 0.882e0.931 < 0.001
South 0.973 0.950e0.996 0.002 0.970 0.947e0.994 0.013
East 1.090 1.016e1.168 0.015 1.078 1.006e1.156 0.034
Medical certification level
Medical centers and regional hospitals 1 e e 1 e e
District hospitals and clinics 1.260 1.197e1.325 < 0.001 1.070 1.015e1.127 0.011
Physician’s specialty
Pediatrics 1 e e 1 e e
General medicine 1.425 1.365e1.489 < 0.001 1.475 1.410e1.542 < 0.001
Family medicine 1.276 1.233e1.321 < 0.001 1.308 1.262e1.355 < 0.001
Otolaryngology 1.634 1.587e1.683 < 0.001 1.653 1.603e1.703 < 0.001
Other specialties 1.572 1.530e1.615 < 0.001 1.606 1.562e1.652 < 0.001
a Compared by multivariate logistic regression, adjusted by all other factors.
aOR Z adjusted odds ratio; CI Z confidence interval.
Pediatric ambulatory care in Taiwan, 2000e2009 559partly explain the reasons why doctors in district hospitals
and clinics prescribedmore antibiotics than those in medical
centers and regional hospitals. Ongoing education for phy-
sicians should emphasize reducing the inappropriate use of
antibiotics. However, the associations between prescribing
antibiotics and physicianepatient interaction, physician
time constraints, and diagnostic uncertainty cannot be
further explored based on the current study design using the
NHIRD. Questionnaire surveys or chart reviews are needed to
elucidate these issues.
There are some study limitations to this study. This study
was generally based on claims data, and coding errors or
misclassification bias may exist. In the settings of the NHIRD
ambulatory datasets, there were spaces to key in one pri-
mary diagnostic code and three concomitant diagnoses. Our
study used the primary diagnostic code to enroll our study
population and excluded the cases with diagnoses of bac-
terial infections from the concomitant codes. If the physi-
cians did not key in the right diagnosis at the right place,
we might miss that case or might not exclude the inap-
propriate cases. It is also possible that physicians adjust
their diagnosis according to the medication they prescribe,
especially antibiotics, and that may lead to inaccuracies in
the claims data. However, the yearly and monthly trends
should be fully reliable because the case number is high
enough to eliminate the little bias.In conclusion, over the 10-year study period, antibiotic
prescription rates for children with ARTIs in Taiwan dramat-
ically declined. Through understanding recent trends in
antibiotic prescription, it may be possible to design more
efficient intervention strategies, such as antimicrobial
stewardship programs, to optimize antimicrobial prescribing
behavior in order to improve individual patient care, as well
as reduce hospital costs and slow the spread of antimicrobial
resistance.
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